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D scription 

Bact rial Strain 

The present invention relates to a mutant strain of Agrobacterium radiobacter K84 and to a method of 
controi of plant disease utilising same. 
5 Agrobacterium radiobacter K84 is a non-pathogenic soil inhabiting bacterium used commercially for the 
biological control of crown gall which Is a plant disease caused by the Agrobacterium radiobacter variety 
tumefaciens , a bacterium that lives in the soil. Tne bacterium enters plants through wounds and induces 
unregulated cell division leading to massive gaH formation. 

In Australia almond, peach and rose are crops most severely affected by crown galL Until recently, 
10 satisfactory control of crown gall could be achieved by dipping the planting material of crops in a cell 
suspension of Agrobacterium radiobacter K84. It has been found that Agrobacterium radiobacter K84 
functions by the synthesis of agrocln 84. an antiobiotic responsible for the control of A. tumefaciens . 

As effective as the agrocin control system has been, failures In field control have ocajn-ed. There have been 
recent reports of the acquisition, by sensitive strains, of a plasrriid pAgK8< , which contains genes er-coding for 
15 the synthesis of and immunity to the agrocin 84 antiblov*ci This can give rise to fully tumorigenic agrocin 
84 -resistant strains. This is also consistent with other reports that pAgK84 is transmissible to other 
agrobacteria apparentiiy by plasmid mobilization and Xtoxxz^bt. These failures may constitute a significant threat 
to the continued success of the biological control of crown gall. 

We have now found it possible to overcome, orat least alleviate, one or more.of the difficulties related to the 
?0 ^ prior art. ^ 

Accordirigly, in a first aspect of the present invention there is provided a plasmid including genes encoding 
the synthesis of the antibiotic, agi^ocin 84, and modified to prevent transfer by a defined deletion in the transfer 
region. 

The. plasmid may be a derivative of the plasmid pAgK84. The plasmid may be characterised in that the Eco 
25 R1 fragments D1 and H are substantially completely removed therefrom. A restriction map of plasmid pAgK84 
is provided in Rgure 1 hereto. , 

Accordingly, in a preferi'ed aspect of the pieserit invention there is provided a plasmid pAgK1026, which is 
pAgK84 A Eco R1 D1 + H, as hereinafter described, and derivatives thereof. 

In a further aspect of the present invention there is provided a non-pathogenic strain of Agrobacterium 
30 radiobacter K84 including a plasmid including genes encoding the synthesis of the antibiotic agrocin 84 
modified to prevent transfer by defetion in the transfer region ; derivatives thereof and mutants thereof. 

It will be understood that sucJi a Strain may be a suitable candidate for the biological control of the plant 
disease crown gall. Such a strain maintains all the characteristics of the Agrobacterium radiobacter strain K84, 
save for the fact that a substantial section of the transfer region has been deleted. Thus, the possibility of 
35 sensitive strains developing immunity via transmission of tlie plasmid pAgK84 apparently by plasmid 
mobilization and transfer is re6uce6 or eliminatea. 
, In a pref en*ed form, the non-pathogenic strain of Agrobacterium radiobacter K84 includes a plasmid which is 
a derivative of plasmid pAgK84. ' - ' 

Thus, in a preiferred form there is provided a non-pathogenic strain of Agrobacterium radiobacter K84, strain 
40 K1 026, derivatives thereof and mutants thereof as hereinafter described, a sample of which is maintained in the 
. Culture Collection of the Plant Patiiology Department, University of Adelaide. South Australia. Australia. 

In a still further aspect of the present invention tiiere is provided a method of preparing a plasmid Including 
genes encoding the synthesis of the antibiotic, agrdcin 84^ modified to prevent transfer by deletion in th 
transfer region, which method .includes 
45 providing " ' ' 

, . a plasmid pAgK84; „ , 
, : ' a. suitable plasmid cloning vector;/ ^ , \ ; , 

inserting the Bam HI fragment B1 of plasmid p^gKS4 Ih^^ the plasmid cloning vector, and 
i contacting the inserted fragment with the restrictibh enzyme Ec6 R1 to delete the 'l±^ 5^^ fragments D1 and H. 
50 A suitable plasmid cloning vector is plasmid pBRSaS. Tnerplasmiti fofriied when the Eco R1 fragments D1 
and H are removed from the Bam HI fragment B1 may be designated plasmid pMHRlOO a sample of which is 
maintained in the Culture Collection of the Plant Pathology Departn ient. University of Adelaide. The plasmid 
pMHRlOO is characterised in that approximately 3.7 kb and 0.5 kb of piasrrtid pAgK34 are left on either side of 
the deletion. Accordingly, in a preferred aspect of the present Invention' there is provided the plasmid 
55 pMHRICO; and derivatives thereof. ^ 

In order to provide a fragment of suitable size for later insertion, the 0.5 kb portion of p.^gK84 on one side of 
the deletion may be increased to approximately a,3 kb by adding the Eco R1 fragment D2 f; om a clone of Bam 
H1 fragment C of pAgK84. 
Accordingly in a further aspect of the pres nt invention th method may further include providing a plasmid 
60 including a Bam HI fragment C of pAgK84 and adding the Eco R1 fragment D2 to the approximate 0.5 kb 
portion of pAgK84 remaining on one side of the deletion such that the portion remaining' is increased to 
, approximately 3.3 kb. . 

A suitable clone is that designated plasmid pDAJIOi and maintained in the culture collection maintained by 
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the Plant Pathology Departm nt. University of Adeiaide. South Australia. Australia. The combined clone has 
been designated by the designation pDAJ102 a sample of which is maintained in the Culture Coll ction of the 
Plant Pathology Department, University of Adelaide. Accordingly, in a further preferred aspect of th pres nt 
invent) n there is provtd d the ptasmid pDAJ102. 

The method of preparing a plasmid according to this aspect of the present invention may further include 5 
providing a first Agrobacterium strain harbouring the plasmid pAgK84 including an antiobiotic resistance 
marker inserted proximate the transfer region; 

a second Agrobacterium radiobacter K84 strain lacking the plasmid pAgK84. and 

an Escherichia coH strain harbouring a plasmid cloning vector, pBR325, containing the transfer region of 
pAgK84 modified to prevent transfer by a defined <^el^tion in the transfer region, 10 
mobilising and transferring the plasmid cloning .veqtpr including genes encoding the synthesis of the 
antibiotic, agrocin 84, modified by deletion olthe Eccx Bl fragments D1 and H into the antibiotic resistance 

marker strain ■ . . , , ■ . . . 

and transf srrins the cointegrate by conjugation;^to -the^^ Agrobacterium radiobacter K84 strain tacking the 
• plasmid pAgK84. k.'-T >-^]^ U^Mft^iJoc'^nr i " :.,>.■■. • 

The method according to -this aspect of ih^^ prese^^^ include subjecting the 

transconjugant to a deletion-marker exchange. - L3n: . , - , ; > 

The first Agrobacterium radiobacter strain may ir^clud^.^ Jp5 insertion just outside the Tra region. Such an 
insertion provides k.anamycin resistance vvhioh may fiinqtion as an antibiotjc, marker. An Agrobacterilim strain 
C58NT1 strain may be used. t.^v. ; - \ , , . . , r , 

It will be understood, that the resulting; Tra" plasnr^d is stable In the strain so, formed and shows normal 
agrocin 84 production. 

The plasmid so formed has been designate^ by the designation pAgKI 026, which is pAgK84 AEqo R1 D1 + 
H. The Agrobacterium radiobacter K84 str^n harbouring safd antibiotic resistance has been designated by the 
designation strain K1026, a sample of which is maintained in the Culture Collection of the Plant Pathology 25 
Department University' of Act^laide. , . , ^ ^ : c - , 

As stated above, the Agrobacterium radiobacter K84 ,strdn,;mpdified to prevent transfer rhay be utilised in 
the control of crown gall disease in plants. Accordingly iri a still further aspect of the present invention, there is 
provided a method for the control of crown gall dises^e, in plants which method includes 
providing ■ ^ ■ ^ - i r / 30 

a plant material to be treated; : i: > \ : - ^ . - , ' 

a non>pathogenlc strain of Agrobacterium radiobacter K84 inc!udingX plasmid including genes encoding the 
synthesis of agrocin 84; modified to prevents transfer by del<ef ion in the transfer region; 
contacting the plant material directly or . indirectly with the^non-pathpgehyc Ag robacterium radiobacter K84 
'strain. , ■• , . - : i .. . ',iy^ .'''"."v;;"':' ' \ "' 35 

The plant material to be treated include seeds, seedlings^ growing cf;d{5s. the crops may be of any suitable 
type and may include stone fruit trees, Prunus species, cane b^rrie^l. euohynius; clematis and persimmon. 
Almond, pecan, walnut, boysenberry and raspberry, stone fruit including peach, cherry, plum and apricot, and 
rose trees are particulariy preferred. ; - / , 1 [''. 

The plant material may be contacted with the Agrobacteriutn fadlobactigr K84 strain by applying the plant 40 
material into a cell suspension of the strain.,. ..... . ^ , \ / ,U 

The Agrobacterium radiobacter K84 strain .maj^ be the' strain^ k|p26. 4ls desbribed above. 
The present invention will r.ow be more ,l^jlly. 0escnb^^ following examples and 

drawings. It should be understood, however, tbaj tbejflescnptionfpjlb^^ tflusf rafive prily and should not be 
taken in any way as a restriction on the generality above. 45 

In the figures: ' '/-'^'•'V" '■ ^"'--^ 

FIGURE 1 is a Bam H1 and Eco R1 restriction map ot pagk84 Vhowirig the trah 
and agrocin immunity regions. L . ; r; 

FIGURE 2 illustrates steps in the construction of intermediate plasmid pD^MOS containing'^ deletion 
overiapping the Tr;^ r^gion^jB E &ynpbp[i^f ^gtiinj HI ,and E^ rt1 ends pf the In^ respectively. E Is 50 
also used to MdicatetheEc©jB^§t^^^^^^^ \ ' I : ' - \; ' * ' - 

FIGURE 3 illustrates - ^tici|^ris|nirc 
recombination eyentS: leadijr)g. ^9 o^^^^ shown p&umrig firstly in Ecd R1 

fragment D2, tc forrn a cpfntegratey and then later in Jco kl frkgfnejjt B or f; to resolve It', but they could 
also have occurred in t!^ reverse order. , - . - - ■ - - ; . ^ 

: FIGURE 4 illustrates Ecio Ri digests of plasmitfsTn\/6Wed in the construction of pAgK1026, Fragments 
were separated by electrophoresis for 3 h at IWV iri a O.70/0 agarose gel. Lanes 1 and 8 contain lambda 
phage DNA digested with Hindlll; lane 2. p^gK84 from strain K84; lane 3, pAgK84::th5A28 from strain 
A29; lane 4. pD^J102 from strain Ki023; lari'^ 4..pAgK64:^Tn5A28:^pDAJ102 from strain K1024; lane 6. 
pAgK84::Tn5A28::pbAJ102 from strain IC1025; lane 7, pAgK1026 from strain K1026. Lanes 2, 6, 7 also 60 
contain a background of restriction fragnients derived from p^tK84b. bands A-C contain Eco R1 
fr^gm nts A-C of pAgK84; band b, Eco R1 fragments A-C Of pAgK84 in Ian 2 but only D2 in lanes 3-7; 
. bands E^K, Eco R1 fragments E-K of pAgK84; baiici L,'Eco R1 fragment D1 of pAgK84 containing Tn5 
which has no Eco R1 sites; band M. an Eco Ri fragment containing the large Eco RI - 6amH1 fragment of 
pBR325 joined via a Bam H1 site to the p^ of Eco R 1 fragment B contain d within Bam H1 fragment B1 of 65 
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pAgK84. 

FIGURE 5 illustrates the plasmids contained within Agrobacterium strains K84, K434 and K1026. 

Undigested plasmids w re separated by electrophoresis for 3h at 100 V in a Qjo/o agarose gel. I^es 1 

and 5 contain undiQ sted lambda phage DNA; Ian 2. plasmids from strain K84: lane 3» plasmids from 
5 strain K434: lane 4. plasmids from strain K1 026. Band A contains the cryptic plasmid; band B. pAtK84b, 

the nopaline cataboI-zT.g piasmid ; band C, pAgKS4; band D, pAgK1026. 
- FIGURE Q illustrates the bioassay for the production of agrocin 84 by Agrobacterium strains K84 and 

K1026, Agrocin production is indicated by the zone^ of inhibition in the growth of the strain K198 overlay 

on Stonier's medium. 

10 FIGURE 7 illustrates the transfer ability of pAgK84 and its engineered deletion derivative. pAgK1026. 

Strain K1027, containing pAgK1026, and strain K1028. containing pAgK84, wiare mated vWth strain K518 
and 10 ul droplets of a tenfold dilution series of the mating mixture were spotted onto media selecting for 
transconjugants. 

15 ■ " / ■ ■ . ■ 

Construction of a transfer deficient deletion mutant of pAgK84, " 

20" A Bam Ht iibmry of pAgK84 was prepared by ligatirig Bam HI digested fragments of pAgK84 into pBR325 
which had been cut with BarnHI, and transforming Into E.coii HBIOI. Transformants wfere recovered by 
seiection on LB agar for resistance to 40 jig/iml ampiclllin (Ap) and 25 jxg/ml chloramphenicol (Cm), and by 
screening: on LB agarfor sensitivity to 10 jig/ml tetracycline (Tc). since cloning into the BamH I site of pBR325 
Inactivates the tetracycline resistance gene. Two clones, pBR325::BamH1 81 (in strain K840) and 

25 pBR326::BamH1 C (in strain K1008) (Figure, 2), which overlap the Tra region of pAgK84 were identified by 
single and double digests of plasmid mtnipreparatiphs with Bam HI, Eco RI and Sma 1. 

To generate a deletion. 4 ug of pBR325:: Bam H1 B1 DNA was partially digested for 1 hr with 1 unit of EcoRI . 
and after checking the digestion by agarose gel electrophoresis. 1 .5 ^g was religated, from which 0.15 ug was 
used for transformation into E.coii HB101 . transformants were selected on LB agar for resistance to 25 ng/ml 

30 Cm, to ensure that deletions involving the EcoRI site of pBR325, vyhich is in the chloramphenicol resistance 
gene, were not recovered. Transformants were screened for the loss of EcoRI fragments by agarose gel 
electrophoresis of plasmid minipreparations digestecl ywth Eco RI . One deletion derivative, pHI^4R1 00 (in strain 
K1007) (Figure 2). Sacked the contiguous EcoRI fragments D1 and H, a total of 6,9 kb, but retained Eco RI 
fragment F and the part of Eco RI fragment B contained within Bam HI fragment B1 , a total of 3.7 kb. on one 

35 side of the deletion, and the part of EcoRI fragment D2 contained within Bam HI fragment B1, C.6 kb, on the 
other, as confirmed by agarose get electrophoresis of single and double digests of plasmid minipreparations 
wrth Bam HI, Eco RI and Sma l. Tlie 0.5 kb portion of EcoRI fragment D2 proved insufficient to allow 
deietion-marker exchange by. homologous recombination, so it was increased to 3.3 kb by adding the 
remainder of Eco RI fragment D2 from pBR325;; Bam H1 C. as described below. 

40 pBR325:: Bam H1 C v/as cut with Bam HI and Eco RI to generate five fragments which were separated by 
agarose gel electrophoresis. The 4.4 kb fragment, which contains the majority of pBR325 i.e. from the Bam HI 
site in the tetracycline resistance gene to the EcoRI site in the.chloraimphenicol resistance gene.and the 2.8 
kb fragment, which was the part of Eco RI fragment D2 contained within Bam HI fragment C, were recovered. 
The 4.4 kb fragment was treated with phosphatase, ligated to the 2.8 kb fragment and transformed into E.coii 
HB101 . Transformants were selected on LB agar for resistance to 40 ^ig/ml Ap and the identity of the resultant 
' " pJarniid, pDAJIOI (trs strain K1C22) (Figure 2).' was confirmed by agarose gel electrophoresis of single and 
* ' double digests of plasmid minipraparatson?? with BamHI and Eco RI. 

pMHRlOO was ^hen cut with BamHt to generate 2 fragments which were separated by agarose gel 
electrophoresis. The 4J2 kb Bam HI fragment Si bearing the deletibn. was recovered, iigated to pDAJIOI 

SO which had been cut with Bam HI and treated with phosphatase, and transformed into HB1Q1. Transformants 
were selected on LB agar for resistance to 40 \ig/m\ Ap and the orientation of the Bam HI fragment B1 insert 
was checked by agarose gel electrophoresis of plasmid minipreparations digested with EcoRI. This generated 
pDAJ102 (in strain K1023) (Figure 2) which, having reconstituted th^-EcoRI fragment D2, carried sufficient 
DNA on either side of the deletion to allow deletion-marker exchange by homologous recombination. 

55 pDAJ102 was conjugatively transferred from E.coii into Agrobacterium strain A28 carrying pAgK84::Tn5A28 
by triparental mating. Strain K1024. a transconjugant bearing the cointegrate pAgK84::Tn5A28::pDAJ102 
(Figure 3) formed by homologous recombination, was recovered on YMA, on which the E.cqli donor and 
helper ctrains cannot grow, by seiection for resistance to 1 (X) jig/ml carbenlcaiin (Gb) and 50 |ig/ ml kanamycin 
(Km), and checked for the presence of the cointegrate by agarose gel electrophoresis of plasmid 

60 minipreparations digested with Eco RI . The A28 Tn5 insertion lies inside the region covered by the deletion but 
just outsid of the Tra r gion (Figure 3), so the cointegrate was Tra*. 

Th cointegrate was conjugatively transferred to Agrobacterium strain K434 in a biparental mating Strain 
K1025, a transconjugant containing the cointegrat , was recovered on Bergerson's mediumi containing 0.2o/o 
sodium tartrate, on which the biovar 2 recipient could grow but 1h bioyar 1 donor could not. by selection for 

65 resistance to 200 ^ig/ml Km, and checked for the presence of the cointegrate by agarose gei electrophoresis 
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of undigested and Eco RI digested plasmid minipreparations. Strain K1025 was grown non-selectively in liquid 
YEB for 3 subcultures prior to plating on YEB agar at a colony density of ca. 150-200 colonies/plat followed by 
replica platir>g onto YEB agar and YEB agar containing 200 jig/ml Km. Strain K1026. a spontaneous kanamycin 
sensitive derivative of strain K1025, which had resolved the cointegrate by homologous recombination to 
g nerate a deletion-marker exchange (Figure 3), was recovered as a single occurrence among ca. 7000 5 
colonies replicated. The identity of pAgKlb26, whicfi is |>A^K84 feoR1 D1 -h H in strain K1026 was confirmed 
by agarose gel electrophoresis of plasmid mihipreparations digested with Eco R 1 . 

The identity of the mutant plasmid, designated pAgKlb26, in strain K1026 was confirmed by anaJysis of Eco 
Rl digested (Figure 4) and undigested (Figure 5) plasmid mini-preparations. The latter also confirmed 
retention of the plasmid cpmplement of strain K84 by strain K1026. to 

The complete loss pf vector and Tn5 sequences from strain K1026 may be inferred by the loss of Cb 
resistance carried , by the vector a^d Km and streptomycin (Sm) resistance carried by Tn5- This indicates that 
no foreign DNA remains in strain K1 026. 

Strains K84 and K1026 were tested for agrocin 84 production using equivalent cell numbers of the two 
strains in order to semi-quantify the amount of agrocin produced. Strain K1026 produces agrocin 84 (Rgure 6) 15 
indicating that pAgK1Q26 retains the agrocin^. ^iofynthetic capacity of its pAgK84 progenitor. Furthermore, 
the sizes of the inhibition zones for strains- K84 -and kl 026 were similar (Figure 6) indicating that they produce 
simitar amounts of agrocin 84. This provides indirect evidence that pAgK1026 retains the copy number of its 
pAgK84 progenitor since Shim et fl, j[1S^7), found that a mutant of pAgK84 with increased copy number 
produced, a cqrreisppnucjingjy fncre^p^d^afro 84. ' \ ^ 20 

To study plasnriid stai^ilfty and tr^sfer ^bilityl'bb^^^ and pAgKi026 were. marked With the Cm and Cb 

genes of pBR325,. as foUows.. pBR325: r Bant HI G wai^ transferred by triparentai mating from strain K1008 to 
both strains l<1D?6 a^ici K84, where pBR32S::Bam H1C formed a cofntegrate with pAfc|K1Q26 and pAgK84, 
respectively,' jby , homoiogbus irecombinatlon. -transconjugant - stains Kt027, ., containing 
pAgK1026::pBR325:: B^m m C, arid KIOZS/cQntaining pj^^bK C; were recovered on YMA, 25 

on which the E. coH donor and helper.strains,|^^^^ 0r^w, by selection for resistance to'lOO'ii^/ml Cm and 

600 \ig/m\ Cb, and checked for the presenpep^ 'their respective coiritegrates by analysis of >Eco R1 digests 
(datanot shown). .-, v^-, " *• ' o 

To assay for pilasmid stability, strain subcultured non-selectivety ten times, as 

described above, prior\to^ plating on YEB ii^ ;at^a^ colony density of ca. 40 colonies/plate. The resultant 30 
colonies were replica plate^i onto.VE^' agar and YEB agar do'ntaining 100 ^ig/ml Cm and 500 >ig/ml Cb. For 
strain K1027, 28 colonies serisit,ive ]tb ipm ahdM^^ rfeebvel^ed out of 1412'replica plated, giving 1.980^ 

marker loss-after ten subcultures'/ SirnifartJJ^^fo^ colonies sensitive to Cm and/ or Cb wer 

recovered put of 1834 replica pjatedJgMhS 1.9ip^^^ subcultures, which is not significantly 

different to thjat fpr . strain Kl 0^7 (f^ =? b:S7).*THei aritiblq^ sensitive isolates Were then assiayed for agrocin 84 35 
production and all wem found to produce the d^itibioti^^ that th^ all had not lost their respective 

agrocin plasmids. They presumably lost their markers by t^solutibn of the cointegrates. with the concomitant 
loss of pBB325: : Bam H 1 Q wfench .cannot TejDlicat^ independently in Aarpbdcterium . Thusr, there was no loss of 
pAgK1026 or pAgK84 after 10 subcultures; ihdicatlrig/that the stability of Us progenitor 

.,pAgK84.- „ , - . . " '-^^y ^'^ ■ ^ ^ - • - r 

To assay fpr^ plasmid transfer^ abilify. -st^^ wre crossed to K5l8 in biparental droplet 

matings onPetit*s agar containing 0:20^' hopaline, as desci-ibed in Materials and methods. Donor and recipient 
strains were able to grow' oh the mating m^ciiumiiecatise each harboure: pAtK84b, a nopaline calabolizing 
plasmid. Numbers of donors w4re/determined dh'W^ containing SO ^ig/ml Cm, numbers of recipients on NA 
containing 50 tig/ml refampfcin (Rff). and numbers\5l trS^^ on NA containing SO'jig/ml.Rif, 50 \ig/mi 45 

Cm and 100. ^xg/ml Cb. No transcprtju0antis Weti^ b&^VVed fronrii the cross rin- which K1027 was the donor 
(Figure 7). this gave transmisslort ffequenples ^l <^ < 1^99 x 10-8 ,per recipient. 

When K1028,. was. the donor many triiri^c^ observed (Figar;el :7>, j.giying a transmission 

frequencies, of 3,34 I.Or^ per donor and x'^ffih* p^r*reGipierit;.CIearlyrpAgKI026 is a Tra" mutant of 

pAgK84.'^;;v":.: ..v..;"vv\';^ ^'^^-.^^ ^ - • ^ ^i.: so 

FIELD TRIAL^:/. ' ' ' ^^^^ ^v'^' ''"^ -.■.i... V..:., ;.. ' 

MATERIAL^ :/aslD METHCft^ . V - 

Preparation of b^tena. - - >^ { - v . ' ' - - : . . 

A. Tadiobacter bjov^r-2 sti-aihs k84 jihd kl026 were used to treat almond-seedling roots to prevent crown 
, Qiall incited by A. tumefaciehs blpvar-2 strain K27 which is sensitive to agrocin 84. Prior to the pot trial, a fresh 

culture of. K27.wais.subqultured onto ninety l6-ml Yeast Mahnitol Agar (YMA) slopes in McCartney bottles, and 
/ tresh cultures of K84, and ,K1 026 were sul>cultured onto 40^ml YMA slopes in 200-ml medicine fiats. AH cultures 60 

were grown for 3 days at 25 C. ' - * . : 

; preparatipn pf almond s ediings ^ ' w ,f 

Fresh almond^se ds (cultivar Challeston) were th n planted, pne per pot, in 20-cm diameter pots containing 
. UC^pottirig mix, and kept moist: Seedlings appeared ^-4 weeks later. One batch of seedlings was grown for 2 65 
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months and another for 10 months before the pot trial. Two days before the pot trial, seedling foliage was 
pruned severely to reduce stress due to transpirational water-loss after replanting. 

Preparation of soil 

5 Ninety 25-cm diameter pots were filled with a non-sterile sandy-loam, 10 kg per pot, over a 2 cm layer of 
pine-bark chips. Two days before replanting the treated almond-seedlings in this soil, the ninety 3-d cultures of 
K27 were each suspended in 500 ml of non-chlorinated water and poured into the soil, one culture per pot. The 
suspensions were then mixed into the top 10 cm of soil and watered in. The suspensions of K27 were 
estimated by optical density measurements to contain about 2 x 10^ cells per ml, so, assuming uniform 

10 dispersal ip the soil, the resultant concentration would have been approximately 10^ cells per g. The actual 
distribution of K27 in the soil was not examined. 

Treatnient of almond seedlings 
The 3 day cultures of K84 and K1026 were suspended in 5L of non-chlorinated water. The suspensions were 
15 estimated by optical density measurements to contain about 10^ cells per n^. The almond seedlings were 
removed from their pots, the soil shaken gently from their roots, and the primary and lateral roots trimmed to a 
length of approximately 20 cm. The plants were immersed for about 10 sec, to: just above the. crown, in either 
, water or a suspension of K84 or K1026.1tiey were then replanted, one per pot. in the soil infested previously 
vwth K27 and watered. The distribution of K84 or K1026 6rt tfte roots y/a3 not exfiunined. 
, The plants were gro>Am outdoors for 7 months, and a suitable ferti^ at 6 wisek intervals, from 

June 1987 (earty Winter) to January 1988 (mid summer). They were then removed from their pots, the soil 
shaken gently from their roots, and the roots washed by repeated immersion in tap water. The number of galls 
on the roots was recorded for each plant. , 

25 Pot trial layout , ' * 

The pot trial was set up with 15 replicates arranged in 15 rows of 6 plants. Eact; row was randomized with 
"^aspect to the 6 combinations of the three treatments; water, KS4 and K1026, and the two seedling-ages. 2 and 
10 montiis. There was no space between fows or between pots within rows. No precautions were taken to 
prevent pot-to-pot spread of bacteria, and this did not appear to be a probiem. 

30 ■ ■■' 

S tatistical analysis ' ' , 

Because of the skewed and non-normal distributiin of the data, evar. after transformation, parametric tests 
such as analysis of variance were ina||propriate, so that data were analysed non^parametricalfy using the 
Kruskal-Wallis test. The Kruskal-Wallts iest was applied separately tc the 2 and 10 month seedlings and was 

35 used to compare all three treatments and. to compare K84 and K1026 treatments. 

Recovery of agrobacteria from roots and gails 

Five grams <)f roots located within 10 cm pi the crown were excised from each of five 10 month seedlings 
treated with K84 and sirnilariy ifor K1026. Each root mass was placed in sterile double-distilled water, shaken 
, 40 vigorously, placed at^C for 3 hr, and shafeeh vigorously once again. Dilutions of 10""* and 10*2 jn buffered saline 
were prepared arid eighteen i0-}il droplets of each dilution were placed onto New and Kerr medium for 
isolation of Agrobacterium biovar-2.. These pfates were incubated for 4 days at 25C. 

Five "healthy" 1 to ,2-;g, galls from eacti of five 10 month seedlings treated with water were detached, 
immersed in I.50/0 sodium hypochlorite for2 rniri and then rinsed three times in sterile double-distilled water, 
45 The surface disinfected galls were then placed in 10 ml of sterile double-distilled water and macerated. The 
mixture was placed at 4C for 3 hours, shaken vigorously, and two (oops full of the supernatant were streaked 
onto New and Kerr medium and the plates incubated as above. Similarly, eight "healthy" galls 0.75 g were 
sampled individually from seedlings treated with K84. or K1026. 
All isolates recovered were streaked on New and Kerr medium and pure cultures, isolated from the resultant 
50 single colonies, were maintained on YMA slopes for use in subsequent tests. 

Testing recovered agrobacteria for agrocin 84 production or sensitivity 

The method of Stonier, as modified by Ken* and Htay. was used for agrocin-84 bioassays. The recovered 
agrobacteria were tested for agrocin production by using them as producers in the agrocin bioassay with 
55 strain K198 used as the indicator. The latter is a biovar-1 strain of A. tumefaciens that harbours the same 
agrocin-sensitive Ti-plasmid as K27. Strains which did not produce agrocin were then tested for agrocin 
sensitivity by using them as indicators in the agrocin bioassay with K1026 used as the producer. 

Testing recovered agrobacteria for pathogenicity on tomato seedlings 
60 The recovered agrobacteria were tested for tumorigenicity by multiple stab-inoculations of 6 week 
tomato-seedlings (cultivar Rouge de Marmande). Inocula w re prepared from 3-day cultures on YMA slop s. 
Two loops full of bacteria were removed and suspended in 1 ml of sterile distill d-water. A ftamne-steriliz d 
n edle was dipp d into th suspensions and stabbed into the stems of the tomato plants, five time for each 
strain. The stems were assessed 6 weeks later for gall formation. 

65 
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Plasmid content of recovered agrobacteria 

Mini-preparations of plasmidis from the recovered agrobacteria were performed as described by Farrand et 
al. and plasmid content was cliaracterised by agarose gel electrophoresis as described by Maniatis et al. 

RESULTS 

Pot Trial ' V 

Galls were rare or absent on the roots of seedlings treated with K84 or k1026, but frequent on those treated 
with water (Table 1 ) . The difference is so clear as to obviate.the need for statistical confirmation. Nevertheless, 
Kruskal-Wallis tests were used to compare the three treatments and found to confirm a significant difference 
(H adjusted for ties « 29.00 and 34.02 for 2 and 10 month seedlings. respectiveJy, with p < 0.001 in both 
cases). The similarity of K84 and K1026 b-e^ments ^s also so clear as to obviate the need for statistical 
confirmation. Again nevertheless. Kruskal-Wallis tests were used to compare the two treatments and found to 
confirm the similarity (H adjusted for ties? =f,p.i*1 ar^;0,35^,ftjr 2, and 10 month ieediings. respectively, wrth 
0.5<p<0.7:in both cases), , .^ If^-^ ^ -jU ^ ^ . . ' / 

' ■ n-oM "-r- .^H- . .' . 

Recovered agrobacteha :' v „ • - : t.-.u^r: -y. f^-.- - 

Only agrocin-producing non-tumorigenic agrjObaqteria aprid^ agrobacteria were 

recovered from the roots of K84 or K1C2©-lre^led plant^^fFabie 2). Ail of the hbri-tumorigenic. strains and a 
sample of the tumorigenic strains (five CTom each treatnrient) were analysed for plasmid content. K84 and 
K1026 each contain 3 pla^ids. a large cryptic plaspd. pAtKS^i a sma^^^^ catabolic plasmid, 

pAtK84b. and a still smaller agrocin-84 plasmid, pAgk84 and pAgK1026, resp'ectively, whereas K27 contains 2 
plasmids, a cryptic plasmid pAtK27, sTightly larger than pAtK8^ and a Ti plasmid i)TiK27, intermediate in size 
to pAtK84a and pAtK84b. The plasmid analysis showed the non-tumorigehic'sti^ins to correspond to K84, if 
recovered from K84-treated plants, or K1026, if recovered from K1026-treated plants and the tumorigenic 
strains to correspond to K27 (data not sh<MWi). There was great variation between plants in the pop^flation ratio 
of K84 or K1026 to K27. but clearly there was an overall excess of K27 (T^le 2). ' ' 

Simaarty, onfy K84 or K102$, and K27, were recovered from the few galls which occurred on the roots of K84 
or K102&-treated plants (Table 2). Th^e appeared tO:be bimpdal polarizatibh in the population ratio of K84 or 
K1026 to K27, with 6 of the 8 galls containing almost all K&4 or K1026 and 2 of the 8 galls containing almost all 
K27. In contrast, only K27 was recovered from galls on the roots of water-treated plants. 

It is clear from the results of the pot trial t^iat^K1p26 is as effeptiyp as K84 in coptrbinhg crown gall. It is also 
clear from the recovery datathat relative to l<84,.'K1 026 has a similar ability "to colonize and ^ur\^ve on roots as 
well as to oolor.ize galls and displace ir^citing agrd;>acterta. Thus, Kt02^ Appears to retain the ecological 
competence of its progenitor. K84.^ . ' , . '' \ . 

It is interesting that there was an apparent fiimbdal polarization iri the population ratios of K84 or K1026 to 
K27 in the few galls on K84 or K1026-treated planjs. K84 and K1026 both utilize the opines nopaline and 
agrocinopine synthesized, by K27rinduced galls; So,'<?onsistent with the bpihe' concept those galls with an 
excess of K84 or K1026 presumably reflect k^, or kio25 colonizati6h^o^ these galls,-- with the concomitant 
displacement of K27. which, in the presence of agrocinbpine, .^^com^ to agrocifi 84. The galls 

in which there was an excess of K27, presgiiiably reflect opportunities for colonization that were missed. 

It is also interesting that neither K84,.nor K10^6 prevented /co-c6l6nizatibn of the roots of K84 or 
K1026-treated plants by K27. and infact there was.an'^bess of Furthermore, very few 

falls were induced despite the excess of K27. , This,, apparent suipm of inhibition of tumorigenesis without 
inhibition of root colonization and growth, is surprisirfg.; ; ' 
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TABLE 1 

The effect of treating almond seedlings with water, a 
suspension of Aarobacteriun^ radiGbacte r strain K84, or a 
suspension of A; radiobacter strain Klp26y on grown gall 
induced by A. tumef aciens strain K27. 



Plant 


Treat- 


No, plants 


% plctnts . 


No. < 


qalls. .per. 


olant 


aoe 




survivino 


wi th .c/nils 


, Meja.n . 


, Medi an, . 


-Range 


2 roth 


Water 


12 


;uco 


9.33 


7.5 


3-23 




K84 


14 


14 


0.21 


0 , 


0^2 




K1026 


12 


25 


0.33 




0-2 


10 mth 


Water 


15 


100 


46.33 


41 


10-103 




K84 


15 


20 


0.20 


0 


0-1 




K1026 


15 


27 


0.67 


0 


0-5 
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TABLE 2 

Numbers of agrobacteria recovered and characteriEed for 
agrocin production and sensitivity, and tumorigenici ty, from 
the roots of 10-month almond-seedlings . treated with K84 or 
K1026, and from galls on 1:he \ roots ^^of, 10-month^ 
almond-seedlings treated with wiater, K84 or K1026. 







Agrocin-producing 


Agrocin-sensitive 






nDn- trjno r i g eni c 


tumprigenic 










Roots o£ plants 


1 ■" ■ ' 




9 


treated wth K84 ' 


2 


' - l\ 


: . 8 - 




3 


: ■ 5 ■ - 


7 ■ 




A 


X 






5 


3. 


10 


rvo o u fit w t jt'^ a ii w> a 


1 




8 


creacea wiun 






9 




o 


5 


5 




4 


10 


0 




5 


3 


5 


Galls on the 


1 


1 


9 


roots of plants 


2 


8 


1 


treated with K84 








Galls on the 


1 


10 


0 


roots of plants 


2 


10 


0 


treated with K1026 


3 


0 


10 




4 


10 


0 




5 


10 


0 




6 


6 


4 


Galls on the 


1-5 


0 


15 



roots of plants 
treated with water 
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Finally, it Is to be understood tliat various other modifications and/or alterations may be made witliout 
departing from the spirit of the pr sent inv ntion as outlined h rein. . 



5 

Claims 



1. A plasmid including genes encoding the synthesis of the antibiotic, agrocin 84. and modified to 
10 prevent transfer by a defined deletion in the transfer region. 

2. A plasmid according to claim 1. wherein the piasmid is a derivative of the plasmid pAgK84 as 
hereinbefore described in which the Eco R1 fragments D1 and H are substantially completely removed 
therefrom. 

3. A plasmid according to claim 2. plasmid pAgK1026, as hereinbefore described; and derivatives 
15 thereof. 

4. A non-pathogenic strain of Agrobacterium radiobacter K84 including a plasmid including genes 
encoding the synthesis of agrocin 84, modified to prevent transfer by deletion in the transfer region. 

5. A non-pathogenic strain according to claim 4. wherein the plasmid is a derivative of plasmid pAgK84 
as hereinbefore described in whch the Eco R1 fragments D1 and H are substantially removed therefrom; 

2t7 derivatives thereof and mutants thereof. 

6. A non-pathogenic strain of Agrobacterium radiobacter K84. strain K1026 as hereinbefore described, 
derivatives thereof and mutants thereof. 

7. A method of preparing a plasmid including genes encoding the synthesis of the antibiotic agrocin 84 
modified to prevent transfer by deletion in the transfer region, which method includes 

25 providing 

a plasmid pAgK84; and 

a suitable plasmid cloning vector: 

inserting the Bam HI fragment B1 of plasmid pAgK84 into the plasmid cloning vector, and 
contacting the inserted fragment with the restriction enzyme Eco R1 to delete the Eco R1 fragments D1 
30 andH. 

8. A method according to claim 7 wherein the plasmid cloning vector is piasmid pBR325. 

9. A method according to claim 8 wherein the plasmid formed when the Eco R1 fragments D1 and H are 
removed from the Bam H1 fragment B1 Is a plasmid pMHRlOO wherein approximately 3.7 kb and 0,5 l<b of 
piasmid pAgK84 are left on either side of the deletion. 

35 10. A method according to claim 9 further including providing a plasmid Including a Bam H1 fragment C 

of pAgK84 and adding the Eco R1 fragment D2 to the approximate 0.5 portion of pAgK84 remaining on 
one side of the deletion such that the portion remaining is increased to approximately 3.3 kb. 

11. A method according to claim 10 wherein the combined plasmid clone so formed is the plasmid 
pDAJ102 as hereinbefore described. 

40 1 2. A method of preparing a plasmid according to claim 7 further including 

providing 

first Agrobacterium strain harbouring the plasmid pAgK84 including an antibiotic resistance mari<er 
inserted proximate the transfer region; 

a second Agrobacterium radiobacter K84 strain lacking the plasmid pAgK84. and 
45 an Escherichia coli strain harbouring a plasmid. cloning vector, pBR326. containing the transfer region of 

pAgK84 modified to prevent transfer by a defined deletion in the transfer region, 

mobilising and transferring the piasmid cloning vector including the defined deletion into the antibiotic 
resistance marker strain 

and transferring the cointegrate by conjugation to the Agrobacterium radiobacter K84 strain lacking the 
50 plasmid pAgK84; 

and subjecting the transconjugant to a deletion marker exchange. 

13. A method according to claim 12 wherein the first Agrobacterium radiobacter strain includes a TnS 
insertion just outside the Tra region, such insertion providing kanamycin resistance to the strain. 

14. A method for the control of crown gall disease in plants, which method includes 
55 providing 

a plant material to be treated; 

a non-pathogenic strain of Agrobacterium radiobacter K84 including a plasmid including genes encoding 
the synthesis of agrocin 84, modified to prevent transfer by deletion in the transfer region derivatives 
thereof and mutants thereof; 

60 contacting the plant materia! directly or indirectly with the non-pathogenic Agrobacterium radiobacter 

K84 strain. 

15. A method according to claim 14 wherein th plasmid is a derivative of plasmid pAgK84 as 
hereinbefor described in whch the Eco R1 fragments D1 and H are substantially removed therefr m; 
derivativesthereof and mutants th r of. 

S5 16. A method according to claim 15. wherein the plant material is selected from seeds, seedlings and 
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growing crops, 

17, A method according to claim 16 wherein the crop© are s lected from stone fruit trees, Prungs 
species, cane b nies, euonymus, clematis p rsimmon,. 

18, A method according to claim 15 wher in the plant material is contacted with the Agrobacterium 
radlobacter K84 strain by dipping the plant material into a cell susp nsionofth strain. 

19, A method according to claim 18 wherein the Agrobacterium radlobacter K84 strain is the strain 
K1026 as hereinbefore described. 
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Fig. 2. 
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